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THE ROLE OF BACTERIA IN EXPERIMENTAL CHRONIC
BRONCHITIS AND EMPHYSEMA
The development of animal model systems in which hypotheses regarding
a human disease counterpart can be tested should enable the independent
evaluation of variables in a multifactorial system. This is particularly ger-
mane in a consideration of chronic obstructive lung disease since chronic
bronchitis and emphysema may occur in combination or independently of
the other, and since a number of agents appear associated with similar
clinical syndromes. Experimentally produced chronic obstructive lung
disease has not usually been comparable to the clinical disease, hence often
has not enabled the testing of hypotheses regarding pathogenesis or treat-
ment.
One approach to the development of animal model systems involves as-
sessment of those factors in an experimental system that appear to be basic
determinants in the genesis of the human disease. Specifically considering
chronic bronchitis and pulmonary emphysema, such determinants would
include the broad category of damaging agents and host defense mecha-
nisms. This review will be concerned almost entirely with bacteria as
damaging agents.
Bacteria or their products occupy a major position among the damaging
agents which have been incriminated either as primary or more often as
secondary factors in the genesis and progression of the disease complex
chronic obstructive lung disease. Those microorganisms which are most
frequently implicated represent species commonly resident in the airways
above the larynx. While a number of bacterial species have been considered
important in promoting progressive disease of the respiratory tract, par-
ticularly exacerbations of chronic bronchitis, nonencapsulated strains of
Hemophilus influenzae have been more frequently implicated.`' Yet obser-
vations such as those of the Medical Research Council on the equivocal
value of chemoprophylaxis and chemotherapy in early chronic bronchitis
suggest that factors other than bacterial infection may be important in its
early development and progression.' Despite possibly conflicting clinical
data, there appears to be sufficient evidence to justify the hypothesis that
bacteria or their products are at least important contributing, if not pri-
mary, factors in the genesis of chronic bronchitis in man.
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Host defense mechanisms considered as basic determinants include both
local pulmonary clearance mechanisms as well as systemic factors. The
local clearance mechanisms which have been considered include the muco-
ciliary system, immunoglobulins, particularly the gamma A globulins, and
the alveolar macrophage.fi While each of these systems affords a defense
against various environmental factors including chemical pollutants and
microorganisms, the antibacterial activity of each is important in the main-
tenance of a tracheobronchial tree which is normally essentially free of
bacteria below the level of the larynx.8
Despite the clinical evidence that bacteria may be implicated in the de-
velopment or progression of chronic bronchitis and emphysema, studies
in experimental animals have been primarily concerned with the effects of
air pollutants, environmental stresses, and variation in bacterial species on
the functional integrity of local antibacterial defense systems.` There is a
paucity of published data in which bacteria or bacterial products either
singularly or in combination with other agents have been assessed in the
production of chronic bronchitis or emphysema.
As an approach to the hypothesis that bacteria can play a role, it would
appear advantageous to review briefly the animal studies in which either
chronic bronchitis or emphysema has been reported and to assess, where
possible, evidence for either a primary or adjunct role for bacteria.
ANIMAL STUDIES
Spontaneous "emphysema" has been reported to occur in various animal
species. Alexander reported that "heaves" or "broken wind" in horses bore
many similarities to emphysema or chronic bronchitis.' The most constant
finding was chronic bronchitis and bronchiolitis, although subsequently
Foley and Lowell, and McLaughlin and Edwards have reported both cen-
trilobular and panlobular emphysema in individual horses with the clinical
syndrome."81 The disease has been associated with the stabling of older
animals which were then fed moldy hay and it has been postulated to be
the consequence of hypersensitivity to fungal products analoguous to Far-
mer's Lung.1'
Strawbridge reported the occurrence of spontaneous emphysema in rab-
bits.' Fifty-two per cent of a group of 21 rabbits that were known to be
more than two and one half years old were found to have generalized em-
physema. Examination of sections by tissue Gram's stain failed to reveal
organisms; however, cultures were not performed.
Acute bovine pulmonary emphysema, also called "bovine asthma," "hay
fever" or "fog fever," and distinct from "brisket disease," has been reported
in much of the Western world and is now one of the most important respira-
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tory diseases in cattle."' It occurs most frequently in cows, three years or
older, with epizootics usually occurring between July and November. It
occurs after a drastic change in feed, usually from a short dry overgrazed
pasture to irrigated good forage. Symptoms of dyspnea usually develop
four to ten days after moving. Attack rates vary from 1 to 100 per cent
with rapid progression of symptoms to death in 24 to 48 hours. The case
fatality ratio is 5 to 35 per cent. Pathological findings include overdistention
of pulmonary alveoli with rupture to produce multilocular spaces. They
differ from human emphysema in that there is proliferation of alveolar
epithelial cells and neutrophilic and eosinophilic infiltrates may occur. The
bronchi and bronchioles are usually normal. Suggested causes include toxins
of bacterial origin, particularly Clostridium perfringens. The studies of
Moulton, Harrold, and Horning failed to demonstrate any pathogens in
cultures which included techniques for the isolation of aerobic, anaerobic,
fungal, and PPLO organisms.' Subsequent studies failed to provide evi-
dence of anti-lung antibodies."T Of particular interest are the recent ob-
servations of Johnson and Dyer that five of eight cattle that received D, L
tryptophan developed emphysema and died within one to seven days.'8
Review of these reports fails to suggest a direct or secondary role of
bacteria in these examples of spontaneous disease. Yet it is apparent that
careful bacteriological studies designed to detect the oral microbial flora of
either horses or rabbits have not been performed.
In contrast to the few reports on spontaneous chronic bronchitis and
emphysema, there are a number of studies involving many animal species
and a variety of damaging agents in which either chronic bronchitis or
emphysema has been produced (Table 1).'9- In reviewing these reports,
specific attention was paid to data that might shed insight into the role of
bacteria. Reid has produced chronic bronchitis manifest by hypertrophy
and hyperplasia of mucus-secreting cells in rats by exposure to sulphur
dioxide.'9 The role of infection in this model was the object of specific in-
vestigation. Positive cultures were obtained from the lungs of 22 of 70 (31
per cent) animals exposed to sulphur dioxide; however, 5 of 21 (24 per
cent) exposed animals whose lungs were free of mucus and 6 of 50 (12
per cent) control animals whose lungs were free of mucus had positive
cultures. Bacterial species recovered from the bronchial tree and lung were
the same as those found in the nasopharynx: Streptococcus viridans, Hemo-
philus influenzae, Hemophilus bronchisepticus, and Neisseria catarrhalis,
as well as others. Thus, the hypertrophy of mucus-secreting cells was not
the result of infection, and exposure to sulphur dioxide had no direct effect
on increasing the likelihood of positive cultures. She concluded, "although
infection may act as an irritant, these experiments indicate that it is by no
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TABLE 1. EXPERIMENTAL CHRONIC OBSTRUCTIVE LUNG DISEASE
Animal
Condition species
Bronchitis Rat
Dog
Emphysema Mouse
Rat
Technique
S02
NO2
Phosgene
NO2 on carbon
Ball-valve
Forced swimming
Papain
Tracheal constriction
and papain
Hamster S02
Guinea pig Lung in adjuvant
Cadmium chloride
Rabbit NO
Dog Ball-valve
Horse Chlorpromazine in
bronchial artery
Bacteriology
31%o + cultures
NR*
NR
NR
NR
NR
Noinflammation
NR
NR
NR
NR
NR
§78 inflammation
NR
* NR-not recorded.
means an essential factor in the development of excessive mucus cells which
is characteristic of chronic bronchitis."'9
Frayser in producing experimental emphysema in dogs by employing
Krahl's ball-valve method observed that in animals in which there was
evidence of infection superimposed upon obstruction in the bronchus, the
functional changes were magnified, i.e., an increase in the FRC was noted.'
Gross and associates produced both the centrilobular and panlobular forms
of emphysema in rats by means of the transtracheal injection of papain.'
The abnormal enlargement of distal air spaces accompanied by destructive
changes in alveolar walls occurred without evidence of an inflammatory
reaction. Recently Palecek, Palecekova, and Aviado reported the produc-
tion of emphysema in rats by employing a combination of methods that in-
cluded use of immature rats, tracheal constriction to increase resistance to
airflow and intratracheal injection of papain.' An increase in the FRC
and reduction in pulmonary compliance were observed in the male rats.
These studies are of major importance in considering experimental animal
models since they have reported not only pathological studies but also
present pulmonary function data which support the morphological changes.
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It would appear that the rat represents one of the best experimental ani-
mals since it is appropriate in size for exposure experiments, has sufficient
mucus-secreting cells to enable the development of model chronic bron-
chitis, is subject to the production of emphysema independent of chronic
bronchitis and is large enough to enable performance of both physiological
and anatomical studies. Unfortunately, the rat has not been used extensively
in investigation of the host-parasite relationship except in studies on
pyelonephritis.
From review of the observations summarized in Table 1, it would appear
that bacterial infection is not an essential determinant either for the de-
velopment of chronic bronchitis or emphysema under experimental condi-
tions. However, the data presented do not exclude the possibility that under
an appropriate experimental design, certain bacteria or bacterial products
such as proteases might initiate similar changes. Likewise, the data do not
exclude the possibility that bacterial infections may exert a deleterious effect
on the course of either experimental chronic bronchitis or emphysema,
particularly in concert with defects in host defense mechanisms.
The need to test the hypothesis that bacterial infection represents one
of the major determinants in the multifactorial genesis of progressive
chronic bronchitis and emphysema is suggested by a body of clinical obser-
vations. With the current techniques in pathology and physiology, experi-
ments to elucidate a potential primary role for bacteria are entirely feasible.
Since animal models are available by which bronchitis or emphysema can
be produced, the role of bacteria in progressive disease can be defined
readily and more adequately.
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